Abstract: Cyanide barren solution in gold companies cannot be discharged directly. A new method was used to remove cyanide and copper, and good results have been achieved. A SiO 2 -TiO 2 nanocomposites material has been prepared, which has a higher specific surface area and larger pore volume. It can remove cyanide and copper simultaneously by adsorption and photocatalytic oxidation. The effects of variables such as time, pH and initial concentration were also studied. The removal rates of cyanide and copper can reach 85% and 90%, respectively, under the following conditions: 0.05 g adsorbents for 20 ml cyanide barren solution, 10 of the pH value, 2 h of adsorption and 1 h of photodegradation time. Jing Yang is a postgraduate student in non-ferrous metallurgy. Her current research interests include complex utilisation of valuable minerals and heavy metal ion of the waste water processing.
Introduction
The gold extraction process consists of several physical and chemical separation stages (Qiu et al., 2002) . The leaching of gold and silver is typically carried out in aqueous cyanide solution, and creates a solution rich in precious metals. The precious metals are precipitated by zinc powder. After separation, the cyanide barren solution remains, which contains cyanide and copper. The cyanide barren solution cannot be discharged directly because cyanide and copper will cause water pollution. This pollution can affect the health of human beings and aquatic animals, even lead to death.
Nowadays, there are many technologies to deal with the cyanide-containing wastewater (Zhang et al., 2016a (Zhang et al., , 2016b , such as precipitation with sulphuric acid (Botz et al., 2005) , ion-exchange (Bachiller et al., 2004; Chen et al., 2011) , solvent-extraction (Xie and Dreisinger, 2009) , membrane separation technology (Han et al., 2005) , and active carbon adsorption method (Dai and Breuer, 2009 ). These methods have many disadvantages, such as incomplete metal removal, special requirements, high reagent or energy requirements or difficult to implement in developing countries. Adsorption is widely used in the process of wastewater duo to its cheaper and better treatment effects, yet adsorption only moves cyanide from the wastewater to adsorbent rather than gets rid of cyanide thoroughly.
In my study, a new material was prepared; it can adsorb the metal ions and decompose the cyanide simultaneously. The material was characterised by micrometrics ASAP 2020, SEM and EDS. The parameters that influence the removal rates of cyanide and copper, such as pH value, sample amount and time, were investigated. In addition, the photocatalytic mechanism was analysed.
Material and methods

Preparation of the SiO 2 -TiO 2 nanocomposites
Preparation of the material contains two steps: firstly, 40 ml sodium silicate solution, whose concentration was 2 mol/L, was put into a breaker, and 20% hydrochloric acid solution was added dropwise under the condition of magnetic stirring. In the process of adding, the pH of the solution maintained two. After 30 min, the slurry was filtered immediately and washed to neutral. The cake was dried and roasted for one hour, then the SiO 2 powder was made; secondly, 80 ml anhydrous ethanol was put into a breaker, and 20% hydrochloric acid solution was added into it with mechanical agitation. When the solution became transparent and light yellow, distilled water was added slowly into it with the speed of 60~80 d per minute. After one hour, the SiO 2 powder was added to the mixture cautiously and slowly under vigorous stirring. Just five hours late, it was aged for 24 hours. Then, the gel was obtained, and dried in the vacuum at 70°C for 24 hours. The powder was roasted for 2 hours at 500°C. The SiO 2 -TiO 2 nanocomposites were made.
Removal experiments
All adsorption and photocatalytic reactions of cyanide barren solution by the SiO 2 -TiO 2 nanocomposites were carried out in a Pyrex reactor equipped with an inner radiation type 120 W high-pressure mercury lamp and a cooling fan surrounded with the lamp. Cu initial concentration is 870 mg/L and cyanogens initial concentration is 545 mg/L in the cyanide-containing wastewater. The experiments were typically performed in polyethylene tubes by using a batch technique. The materials and cyanide barren solution were mixed. The mixture was first stirred at the room temperature then lighted by high-pressure mercury lamp. After a preset reaction period the solution was then filtered and the ion concentration was measured. All experimental data were the averages of duplicate determinations. The relative errors of the data were about 3%.
The concentration of copper was determined by flame atomic absorption spectrometry and the concentration of cyanide ion were evaluated by silver nitrate titration method. The amount of adsorbed copper at equilibrium and the rate of adsorption (%) were calculated as follows.
where C 0 and C eq are the initial and equilibrium concentrations of copper (mg•g
, V is the volume of solution (l) and m is the weight of samples (g).
Results and discussion
Characterisations of pure TiO 2 and the SiO 2 -TiO 2 nanocomposites
BET surface area, pore volume and average pore diameter of the SiO 2 -TiO 2 nanocomposites were measured by using Micrometrics ASAP 2020 system. The results were presented in Table 1 . 
SEM
The microstructures of above products were also analysed by scanning electron microscope (SEM). The results were shown in Figure 1 . As shown in Figure 1(a) , there are many primitive holes in SiO 2 powder. The holes are formed by piling one above another irregularly. This is because hydrochloric acid solution was added dropwise into the sodium silicate solution with magnetic stirring. Seen from Figure 1 (b), tiny particles are dispersed on the silica porous surface. This kind of microstructure is important to increase the active sites of the photochemical catalysis and improve the photochemical catalysis efficiency.
The effect of the time on the removal of cyanide and copper
0.05 g sample and 20 ml cyanide barren solution were put in 50 ml conical flask, they were shaken on a Constant Temperature Vibrator (SEZ-82) at pH 9 (initial pH). After 2.0 hours, the mixtures were put under UV light irradiation with blowing the air continuously. The concentrations of copper and the total cyanide are determined every half an hour. The results are shown in Figure 2 . Figure 2 shows the effect of adsorption and photodegradation at different time. Each experiment was conducted three times and the average value was reported. The results show that the adsorption rate of CN -and Cu(II) rapidly increased during the initial 1.5 h without UV-light. Between 1.5 h and 2 h, curves began to flatten, which indicated adsorption equilibrium arrived. After 2 hours, the curve of decomposition rate of CN -suddenly increases rapidly because the photocatalysis of TiO 2 accelerates cyanide to decompose. After lighted for one hour, decomposition rate remains unchanged. 
The effect of adsorbent amount on the removal of cyanide and copper
20 ml cyanide barren solution and different amount of adsorbent were put into 50 ml conical flask, they were shaken on a Constant Temperature Vibrator (SEZ-82) at pH 9 (initial pH) for 2.0 hours. Then, the mixture was put under UV light irradiation with blowing the air continuously for 1 h. Then concentrations of Cu(II) and CN -were determined. The results are shown in Figure 3 . Figure 3 shows the adsorption and photodegradation of cyanide barren solution at different adsorbent amount. The adsorption rate of Copper and decomposition rate of CN -increase with the amount increasing from 0.01 g to 0.05 g. When the amount of absorbent is 0.05 g, the values of Cu(II) adsorption and CN -photodegradation get to be maximum. So, 0.05 g sample could be optimal for 20 ml cyanide-containing wastewater. 
The effect of pH on the removal of cyanide and copper
0.05 g sample and 20 ml cyanide barren solution in 50ml conical flask were shaken on a Constant Temperature Vibrator (SEZ-82) at different pH for 2.0 hours. After shaking, the mixtures were put under UV light irradiation with blowing the air continuously for 1 h. And then, concentration of Cu(II) -and CN -were determined. The results are shown in Figure 4 . Figure 4 shows that the rate of adsorption Copper increases with the pH value from 7 to 13. This could be due to several factors: firstly, the low level of OH -adsorption, coupled with the large surface area onto SiO 2 -TiO 2 Nanocomposites, provides evidence of adsorption of an inorganic Copper species, which is similar to the adsorption of Copper in the absence of OH -. Secondly, the adsorption does not reach saturation. Residual Copper in solution or residual NaOH on the material surface enhances electrostatic repulsion on the surface. The decomposition rate of CN -climbs up with pH from 7 to 10 and then declines after pH is above 10. Complex and free cyanide ion exist in the solution meanwhile. After pH of 10.0, free CN -binds more efficiently to Na + than they does to the SiO 2 -TiO 2 nanocomposites and the adsorption gets worse (Reffas et al., 2010) , which causes the flow of photoelectron block. In the photocatalytic process, CN -is adsorbed onto the surface of the SiO 2 -TiO 2 Nanocomposites, the flow of photoelectron can proceed. 
Photocatalytic mechanism
In heterogeneous photocatalytic reactions, air or water is the sort of reaction medium. This is because the holes and electrons with UV light irradiation cannot be reactant directly, but should rely on oxygen or water molecules to produce active free radicals. The reaction mechanism is as shown in Figure 6 . 1 SiO 2 -TiO 2 nanocomposites had been characterised by micrometrics ASAP 2020, SEM and EDS, the results suggest that SiO 2 -TiO 2 nanocomposites has better structure which is useful for adsorption and photocatalysis.
2 The adsorption of cyanide barren solution using SiO 2 -TiO 2 nanocomposites were rather fast at the first 2 h and photocatalytic ability is enhanced after it has been under UV light irradiation with blowing the air continuously. The best amount of sample is 0.05 g absorbent for 20 ml cyanide-containing wastewater, the best pH value for adsorption and photocatalysis is 10. 
